e aim of this study was to evaluate the effect of an oral care intervention program on the incidence of pneumonia and fever as a surrogate endpoint. In addition, we tried to determine the oral care risk factors for the incidence of fever. We provided an oral care program for the elderly at one private nursing home in July 2013. e maximum capacity of the nursing home was 60 residents.
Introduction
Aspiration pneumonia is a major etiology of morbidity and mortality in both independent-living and institutionalized adults over 60 years of age [1, 2] . Residents in long-term care facilities are at a particularly high risk [3, 4] . Aspiration pneumonia ranked first in mortality and second in morbidity among nosocomial infections [5, 6] . Aspiration pneumonia refers to lower respiratory infection caused by the inhalation of oropharyngeal secretions colonized by pathogenic bacteria [1] . A major precursor of pathogenic secretions is dental plaque; the elimination of dental plaque reduces bacterial colonization in pathogenic secretions. An epidemiological study showed that subjects with the maximum Oral Hygiene Index (OHI) score were 4.5 times more likely to have a chronic respiratory disease than those with an OHI of 0 [7] . erefore, oral care is widely regarded as a crucial, common, and cost-effective method for preventing aspiration pneumonia [5, 6, 8] .
In the initial stages of an aging or super-aging society, oral care for the institutionalized elderly is a niche field for the prevention of diseases, especially pneumonia. Innovative reports have shown that a combination of oral care provided by dental professionals and daily oral care provided by nurses or caregivers was effective for preventing fever, newonset pneumonia, and pneumonia-related death [9, 10] .
Several strategies for preventing aspiration pneumonia have been proposed, and putative risk factors related to oral care have been investigated [11] [12] [13] [14] [15] [16] . In addition, medical conditions other than oral health status have been investigated [11, [17] [18] [19] [20] , and these reports indicated that critical factors other than oral health status may independently increase the risk of fever and pneumonia.
An innovative report [9, 10] showed that oral care intervention plays an important role in preventing aspiration pneumonia and subsequent hospitalization and death, and several reports have reinforced this evidence [21] . However, rebuttals of this evidence have also been published, including findings that subjects receiving oral care had a higher risk of death from pneumonia [20] and that no relationship existed between acute respiratory diseases and oral health status [7] . Additionally, the results of a randomized controlled trial showed that compared with the usual care, oral care interventions provided by nondental professionals did not significantly reduce the incidence of pneumonia in nursing home residents [22] . Finally, a recent systematic review and meta-analysis of randomized controlled trials concluded that while oral care interventions provided by dental personnel reduced mortality from pneumonia, oral care interventions provided by nursing personnel did not result in a statistically significant difference [23] .
In the case of daily oral care, interprofessional collaboration can offer solutions. However, although current critical care nursing manuals [24] [25] [26] [27] [28] and protocols issued by e American Association for Critical Care Nurses are available [29] , oral care is not universally practiced by nurses [30] [31] [32] .
We planned and carried out a preliminary follow-up study to evaluate the effects of an oral care program, with the incidence of pneumonia and fever as the surrogate endpoint. However, negative results were obtained. In this study, we used statistical modeling to analyze the reason for this result and tried to determine the oral care-related risk factors for fever.
Materials and Methods

Study Design and
Setting. An intervention and follow-up study was conducted to evaluate the effects of an oral care program on the incidence of fever in institutionalized elderly adults. We applied an oral care program for the elderly in July 2013 at one private nursing home located in a suburban area of Osaka, Japan. e maximum capacity of this facility was 60 residents.
2.2.
Participants. In July 2013, 60 elderly adults resided in the facility. We recommended an oral care program for all the residents. Seven residents who could not undergo the oral examination due to being hospitalized, dementia, another condition that prevented them from giving fully informed consent, or complex medical problems were excluded from the analysis. At the start of the oral care program, informed consent could not be obtained from eight subjects; however, they all agreed to participate in the oral care program within six months after the start of the program.
Because of the relatively high fee for this facility compared with public facilities, some of the residents moved to public institutions. erefore, the residents' duration of stay varied in part because of the residents' financial backgrounds. Summary statistics for duration of stay from July 2013 to June 2016 were as follows: mean: 25.2 months, range: 3-36 months, and median: 25.0 months, including censored cases from June 2016. Within one year, from July 2013 to June 2014, 24 residents left the facility and 26 moved in. A total of 81 subjects were observed, and the oral care program was accepted by 72 subjects. ese 72 subjects (15 men, 57 women, mean age: 85.4+/−8.5 years) were analyzed for the duration or until the incidence of fever. Fifty-three subjects (10 men, 43 women, mean age: 84.3+/−8.4 years) who could be followed for more than 12 months were analyzed; among them, twenty-seven subjects (5 men, 22 women, mean age: 84.2+/−7.2 years) with available data for one year before the start of the oral care program were analyzed to evaluate the effect of the oral care program and associated factors. e duration of stay for these subjects is illustrated in Figure S1 .
Diagnosis of Pneumonia and Fever.
e nurses employed at the nursing homes routinely took the body temperatures of all residents twice every day, at 7 : 00 and 15 : 00. Residents with a body temperature of 37.8°C or above were considered to be feverish [33] . Subjects with suspected pneumonia were sent to hospitals. At the hospital, pneumonia was diagnosed based on the following standard criteria: fever (body temperature ≥37.8°C), high CRP level, and an infiltration shadow on chest X-rays and/or computed tomography [34] .
Physical Conditions, Diet and Food Prescriptions, Oral
Function, Independence of Oral Care.
e care level and life conditions (including food intake and meal styles) were obtained from the residential records. e incidence of fever and hospitalization for pneumonia was also obtained from the daily residential medical records. e diet-and foodrelated factors investigated in this study were meal care (independent, needs attention during meals, and dependent), prescribed diet (ordinary foods, sliced foods, pureed foods, and liquid foods), and the presence or absence of arousal during the meal.
In this study, participants who needed attention during meals were defined as those who had dysphagia but took food independently. e consciousness level was evaluated as the presence or absence of arousal during the meal.
Independence of oral care was evaluated in terms of toothbrushing (independent, needs attention during toothbrushing, and dependent). Participants who needed attention during toothbrushing were defined as those who had dysphagia but could brush their teeth independently.
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International Journal of Dentistry Swallowing function in subjects with dysphagia was evaluated by swallowing 75 g of specialized gel (Engeread Apple Gel, Otsuka, Tokushima, Japan).
e dentist determined the number of swallows and the presence of residue in the oral cavity. e diagnostic categories were without residue, with residue, and inability to swallow.
Oral Examination.
Oral examinations were performed by one dentist (K.K.). e number of remaining teeth was recorded. As many patients had remaining roots, the number of teeth with intact crowns was counted and used as the number of functional teeth in the following analyses. 
Oral Care Program Management.
For the elderly, nurses, and caregivers, toothbrushing instruction that aimed to improve efficiency and reduce insufficient brushing was provided. Independent and partially dependent denture wearers typically washed their mouths with water, while dependent denture wearers' oral cavities were wiped with a sponge brush. For these subjects, a specialized brush for the oral mucosa (Dent ELAC 510 LION, Tokyo, Japan) was introduced. For dentures, which were typically washed with water, the use of a denture cleaner (Dent ELAC LION, Tokyo, Japan) and a denture brush (Dent ELAC 710M LION, Tokyo, Japan) was introduced.
Sample Size Estimation.
Based on the data from a previous report [10] , the sample sizes needed to detect a difference in the incidence of fever and pneumonia as a result of the oral health program were 122 and 271 per group for the fever and pneumonia, respectively. However, for ethical reasons, it was not possible to collect data at one facility without providing the oral care program. erefore, we consider this a preliminary study.
Statistical Methods.
e incidence of fever as a major outcome was used to evaluate the oral care program. Because with or without the oral care program, data status was nested within each subject, and mixed effects modeling [35] was applied for the 27 subjects for whom data from one year before and one year after the start of the oral care program were available. As the distributions of the incidence of fever and pneumonia were skewed, Poisson distribution was used for the probability distribution. Applying a constructed mixed effect model, the incidence of fever was simulated by oral care and the number of functional teeth. For the fiftyfive subjects who accepted oral care and could be followed for at least one year, their characteristics at baseline and after 6 months and 12 months were compared and P values were calculated with Friedman tests. e risk factors for the incidence of fever were analyzed with a generalized linear model, and the Poisson distribution was used for the probability distribution. For the seventy-two subjects who accepted oral care, the duration until the incidence of fever was analyzed by Cox's proportional hazard model and survival curves were illustrated using a life table. ese analyses were performed using SPSS Statistics ver. 24.0 and SPSS Modeler ver. 18.0 (IBM Japan, Tokyo, Japan). e models, including the SPSS syntaxes, are specified in Supplementary File/ Figure S1 .
Results
Time series plots of the incidence of fever and pneumoniarelated hospitalization are presented in Figure S2 . e incidences of both fever and pneumonia-related hospitalization increased after the start of oral care, and the development of fever and pneumonia-related hospitalization appeared to be parallel.
We analyzed the effect of the oral care program on the twenty-seven subjects who had been institutionalized for more than one year before and after start of the oral care program. e characteristics of the subjects at the start of the oral care program are presented in Table S1 . e distributions of the incidence of fever and pneumonia-related hospitalization over one year are shown in Figure S3 . e distributions were skewed. As incidences were nested within each subject, we applied the mixed effects model to evaluate the effects of the oral care program and its associated factors. Poisson distributions were used for the probability distributions. Table 1 shows the results for the effect of the oral care program, the number of functional teeth, and their interactions on fever and hospitalization for pneumonia. e oral care program had a statistically significant effect on fever; its coefficient was positive, as was the coefficient of the number of functional teeth. In contrast, the coefficient for the interaction of oral care and the number of functional teeth was negative. However, the oral care program did not have a significant effect on hospitalization for pneumonia. erefore, we simulated the incidence of fever using Model 1 (A), presented in Table 1 .
e results are illustrated in Figure 1 . For the subjects receiving the oral care program, the predictive values of the incidence of fever decreased with the increased number of functional teeth. In contrast, for the subjects who did not receive care, the predictive values for the incidence of fever increased with the increased number of functional teeth. e effects of other oral health-related factors are presented in Table S2 . Denture use was not a statistically significant factor. e need for attention and dependence for toothbrushing was statistically significant. e inability to swallow was a statistically significant factor. We then analyzed the factors that affect the incidence of fever based on the subjects' characteristics at the start of the oral care. Factors related to dietary intake or meals were included in Model 1 (A) separately. e results are shown in Table 2 as Model 2. As Model 2 (A) shows, there was a higher risk of fever among the subjects who needed attention during meals than among those who did not need assistance.
International Journal of DentistryAccording to Model 2 (B), there was a higher risk among the subjects who were prescribed sliced food than among those who were prescribed pureed food. As the model included the oral care program and the number of functional teeth, the effects of these factors on fever were independent of the oral care program and the number of functional teeth. Subsequently, we evaluated the interaction effect between these factors and the intervention or the number of functional teeth on fever. e results are presented in Table S3 . e interactions between the need for attention at meal times, participation in the oral care program, nonarousal during the meal, and not undergoing the oral care program showed statistically significant risks for fever. Interactions between the food prescription and the oral care program were not associated with a statistically significant risk of fever. In contrast, interactions between the number of functional teeth and ordinary and sliced food prescriptions were associated with a risk of fever. e coefficient for sliced food prescriptions was higher than that for ordinary food.
Our investigation showed that oral levels of Candida can be an indicator for the risk of fever. e data of oral levels of Candida were dichotomized (cutoff point: 750 cfu). e procedure for establishing the cutoff point is described in Supplementary File/ Figure S2 . As Table 3 shows, coefficient for Candida (+) was statistically significant. e effects of the interactions between oral levels of Candida and the oral care program or the number of functional teeth on fever are shown in Table S4 . Statistically significant coefficients were obtained for interaction between oral care (+) and Candida (+). e results indicated that the risk of fever may increase when oral care is provided for subjects with higher levels of Candida. In addition, interactions between the number of functional teeth and Candida had a statistically significant coefficient. e coefficient for Candida levels ≥750 cfu was higher than that for levels <750 cfu.
For fever, dietary and meal prescription and oral levels of Candida were risk factors independent of oral care. e interaction effects for the oral care program and these factors were statistically significant. However, it was necessary to evaluate whether these factors could predict the risk of fever in subjects receiving oral care. We analyzed a total of 53 subjects who were institutionalized and had been receiving oral care for 12 months, including the 27 subjects analyzed above.
e characteristics of the subjects at baseline, after 6 months, and after 12 months are described in Table S1 . e incidences of fever, hospitalization, and hospitalization for pneumonia are shown in Figure S4 . Multivariate adjusted generalized linear model analysis showed that the number of functional teeth, the need for attention at meal times, a sliced food prescription, and high levels of oral Candida (750 cfu≤) were risk factors for the incidence of fever in subjects participating in the oral care program (Table 4) .
Finally, Cox's proportional hazard model was applied for the duration from the start of the oral care program until the incidence of fever. e hazard ratios of the subjects who were prescribed sliced food and those who did not show arousal during the meals were statistically significant and high. e Figure 1: Predictive value of the incidence of fever within one year with or without oral care. e solid line indicates subjects who received oral care, and the dotted line indicates subjects who did not receive oral care. For the subjects who received the oral care program, the predictive value for the incidence of fever decreased with the increase in the number of functional teeth. In contrast, for the subject who did not receive oral care, the predictive values for the incidence of fever increased with the increase of number of functional teeth.
hazard ratio of the subjects who needed attention during meals was relatively high; however, it was not statistically significant (Table 5 ). e survival curves for food prescription and meal care are illustrated in Figure S5. 
Discussion
Oral health contributes general health conditions. It plays an especially important role in the prevention of pneumonia among institutionalized elderly adults. However, the provision of oral care to improve oral health is not always effective for preventing pneumonia. A previous systematic review indicated that the effect of oral care largely depends on the strategy and methodology of oral care used [23] . In this study, we determined confounding factors that have an effect on the incidence of fever as a surrogate endpoint of pneumonia by oral care. To prevent aggravation, it may be useful to take these confounding factors into account when planning an oral care program. Fifty-three subjects who received oral care and could be followed for more than one year were analyzed by multilevel generalized linear regression. Statistically significant factors were almost the same as those of previous models.
International Journal of DentistryAs Table 1 shows, the oral care program itself increased the risk of fever. However, the risk was decreased in accordance with the increased number of functional teeth. Previous reports have shown that the number of remaining teeth was a statistically significant risk factor for pneumonia [36] , and the risk increased if the remaining teeth had decay [37] . As Table 1 (A) and Figure 1 show, our results demonstrated that the risk of fever increased in accordance with the increase in the number of functional teeth among the subjects who did not receive the oral care program. In contrast, the risk of fever decreased as the number of functional teeth increased. ese results indicate that oral care intervention may be effective for dentate subjects. e intercept of the line in Figure 1 denotes edentulous subjects. For edentulous subjects and subjects with fewer than 13 remaining functional teeth, the oral health program was associated with a risk of fever. is result suggests that there may be confounding risk factors that enhance the risk of fever by interacting with the oral health program, especially for edentulous subjects. It is important to clarify any confounding issues.
Dysphagia is a major risk factor for aspiration pneumonia. Meal or food type can be risk factors for dysphagia and subsequent aspiration pneumonia, with their surrogate endpoint of fever. According to Models 2 (A), (B), and (C), the need for attention during the meal because of dysphagia, a sliced food prescription, and the absence of arousal during the meal were risk factors for fever. ese three factors were independent risk factors for fever because including them in the model simultaneously with the oral care program would require the adjustment of the oral care program. e coefficients of these factors were higher than those of the oral care program and the number of functional teeth. A previous report showed that dependence for feeding [20] and needing help during eating [38] were risk factors for pneumonia. For the interactions need attention during meals and oral care, both with and without oral care program were statistically significant (Model S1 (A)). Need attention during meals was also statistically significant in the subjects under the oral care program (Model 4). In contrast, need assistance during the meal was not statistically significant in all the models presented in this study. is may be because dedicated attentions may be paid for dependent elderlies, and latent dysphagia may be often occurred for the elderlies need attention during the meals.
Food or meal style and ingredient of meal are different between the countries and traditions. Simple comparison of the research is difficult. Randomized control trials were conducted to evaluate the effect of food style for the incidence of pneumonia [38, 39] . However, clear information is still not available. In this study, interaction of prescription of sliced food and oral care program were not significant. In contrast, interaction of prescription of sliced food and number of functional teeth were significant (Model S2 (B)).
e prescription of sliced food was a significant risk factor for the subjects under the oral care program (Models 4 and 5). e results indicate that the food prescription may act as a risk factor for the fever independently of the oral care.
Consciousness disorder is a risk factor of pneumonia. e coefficients of arousal during the meal were statistically significant, and the value of them were all higher than other two factors in all the models presented in this study.
e interaction of without arousal and without oral care was statistically significant (Model S3 (C)). e result indicated that the oral care program may reduce the risk of fever efficiently for these subjects. However, as shown in Models 5 and 6, no arousal during the meal acts as a prominent risk factor for the fever for the subjects even under oral care program. As described above, these factors concerning the meal and food play an important role for the fever independent of the oral care.
e incidence of fever, pneumonia, and subsequent death by pneumonia may be affected by these factors. e subjects with these characteristics may have large effect on the result of oral care program for the pneumonia.
Nursing home residents tended to have a high degree of dental plaque or denture plaque, which is a major cause of respiratory pathogen colonization [40] . e etiologic agents of nosocomial pneumonia are mainly Gram-negative bacilli and staphylococci. Routine analysis of these bacterial infections is difficult because of the technical difficulties associated with anaerobic culture and the possibility of contamination by anaerobic oral flora during sampling [41] . It was reported that, in addition to these Gram-negative bacilli and staphylococci, Candida rates were higher in nursing home residents than in the healthy elderly [42] . Professional oral health care provided by a dental hygienist effectively reduced the presence of Candida albicans [43] . Proper attention to oral hygiene, including brushing and rinsing the mouth, could reduce the susceptibility to infection by opportunistic pathogens, including Candida [44] . Oral levels of Candida may not be a direct cause of aspiration pneumonia; however, oral levels of Candida can be an indicator of oral hygiene concerns [45] .
As Model S4 shows (B), for the subjects with higher levels of Candida, the oral care program and an increase in the number of functional teeth increased the risk of fever.
e oral care program applied in this study did not include professional care by the dental hygienist or mouth rinses with antimicrobial or anti-antifungal agents.
e result indicated that, for subjects with poor oral health, presumed based on a high level of Candida, the introduction of a selfadministered oral care program may increase the risk of fever and subsequent pneumonia. One reason for this phenomenon may be that accumulated dental plaque containing pathogenic bacteria may be dispersed by inappropriate oral care. For these subjects, it may be necessary to provide antibiotics or care from dental professionals before introducing the oral care program.
Given the limited human resources of the dental professions, professional oral care cannot be provided for all of the elderly people living in nursing homes.
is study showed the results of an oral care program for reducing the incidence of fever without professional care. We determined candidate risk factors that act independently or interact with oral care on the incidence of fever. However, the sample size was not large enough to construct more complex statistical models and evaluate the incidence of pneumonia. Larger samples are necessary to confirm the results obtained in this study.
In conclusion, some risk factors may be increased by the introduction of an oral care program. It may be important to evaluate and control these factors before the implementation of an oral care program.
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